The inv gene of Yeminis enterocolitica codes for invasin, a member of the invasinhtimin-like protein family, which mediates the internalization of the bacterium into cultured epithelial cells. The putative inclusion of inv into a pathogenicity island was tested by investigating its flanking sequences. Indeed, the enteropathogenic Escherichia coli (EPEC) intimin, a member of the same family of proteins, is encoded by eaeA, a gene which belongs to a pathogenicity island. An ORF located upstream from inv was of particular interest since it appeared homologous both to the flagellar f/hA gene and to sepA, an EPEC gene lying inside the same pathogenicity island as eaeA. A mutant in this ORF was non-motile and non-flagellated while its invasion phenotype remained unaffected. These data indicated that the ORF corresponded to the flhA gene of Y. enterocolitica. Subsequently, the flhB and flhE genes, located respectively upstream and downstream from flhA, were identified. The three flh genes appear to be transcribed from a single operon called flhB, according to the nomenclature used for Salmonella typhimurium. lntergenic sequence between f/hE and inv includes a grey hole, with no recognizable function. Downstream from inv, we have detected the flagellar flgM operon as already reported. Finally, the incongruous localization of inv amidst the flagellar cluster is discussed; while transposition could explain this phenomenon, no trace of such an event was detected.
INTRODUCTION
Pathogenic strains of the genus Yersinia harbour a virulence plasmid called pYV which, at 37 "C in the absence of Ca2+ ions, restricts bacterial growth and governs secretion of Yop proteins . Yops lack a conventional signal peptide sequence (Michiels et al., 1990) and are secreted via a new pathway (Michiels infection (Pepe & Miller, 1993) . Yersinial invasins share similarity with intimin proteins (Jerse et al., 1990) , found in various bacterial genera (Frankel et al., 1994; Schauer & Falkow, 1993; Yu & Kaper, 1992) and involved in the development of the so-called attaching and effacing (AE) lesion (Moon et al., 1983) . In enteropathogenic Escherichia coli (EPEC), the gene encoding intimin, belongs to a pathogenicity island termed LEE (locus of enterocyte effacement) which encodes all known determinants involved in AE lesion formation . One of these, the sepA gene product, is a member of the LcrD/FlbF protein family .
The close physical association in EPEC of genes encoding invasin/intimin-like proteins and other virulence genes prompted us to study the sequences around the inv locus of Y . enterocolitica. Indeed, a partial ORF homologous to sepA of EPEC and to the flagellar gene flhA from E. coli and Salmonella typhimurium (Kim, 1989 ; Minamino et al., 1994) was detected immediately upstream from the inu gene. We thus wondered if a pathogenicity island was located in the region, as in EPEC, or if, on the contrary, only flagellar determinants were present.
In the present report, we have described the physical and functional characterization of the ORF located upstream from inv. We have shown that it corresponds to the flagellar gene flhA and that it forms the second gene of an operon comprising, in addition to flhA, the flhB and flhE genes.
METHODS
Bacterial strains, plasmids and growth conditions. E . coli HBlOl (Boyer & Roulland-Dussoix, 1969 ) was used for genetic manipulations with standard plasmid vectors. SY327(ipir+) (Kolter et al., 1978) was the intermediate host for constructs involving the suicide vector pKNGlOl (Kaniga et al., 1991) . Suicide plasmids were transferred to Y. enterocolitica from the donor strain E. coli SMlO(2pir') (Simon et al., 1983) which encodes the R6K replication protein pi and the transfer functions of RP4. Recombinant pLAFR3 cosmids of the Y . enterocolitica W1024 gene library, kindly provided by I. Delor (Delor et al., 1990) , were maintained in the host E . coli VCS257 (Stratagene). T7 expression of cloned genes was achieved in E. coli L K l l l strain (C600 Res-Mod+ lacy+ lacZAM1.5 l a d ; received from M. Zabeau, Ghent, Belgium) containing pGP1-2 (Tabor & Richardson, 1985) and recombinant plasmids harbouring the genes of interest. Y . enterocolitica W1024 is a serotype 0 : 9 strain from the collection of G. Wauters (Brussels, Belgium). KNG1024 is a bla mutant isogenic to W1024 (Kaniga et a/., 1991) . MS22703 is a Y . enterocolitica inv mutant (Sory & Cornelis, 1994) . The yersinia strains used in invasion assays were cured of their pYV plasmids by culture at 37 "C on M O X agar, as described below.
The E. coli strains were generally grown in L broth or on L agar. The Y. enterocolitica strains were routinely grown in Tryptic Soy Broth (Oxoid) and plated on Tryptic Soy Agar (Oxoid), sometimes supplemented with 20 mM MgCl, and 20 mM Na-oxalate (MOX). Antibiotics were used at the following concentrations : 12-5 pg tetracycline ml-' ; 35 pg nalidixic acid, kanamycin and streptomycin ml-l ; 40 pg gentamicin ml-'; 150 pg ampicillin ml-'. Plasmids are listed in Table 1 .
Invasion assay. Bacterial entry into cultured cells was assayed as described by Isberg & Falkow (1985) and Isberg et al. (1987) . Briefly, saturated bacterial cultures were washed in PBS and aliquots of 1.5 x lo7 bacteria were added to monolayer cultures of 2 x lo5 HEp-2 cells per microtitre well in RPMI 1640 medium (Life Technologies). Infected cultures were incubated at 37 "C for 3 h in a 5 YO CO, atmosphere.
After allowing entry of bacteria into the animal cells, nonadherent bacteria were removed from the monolayers by washing three times with PBS. Monolayers were then incubated in medium containing gentamicin for one hour at 37 "C and washed three more times in PBS. Internalized bacteria were released from the monolayers by addition of 1 Triton X-100 and then titred on L agar plates. Results are expressed in percentages, as the ratio of viable counts recovered after gentamicin treatment to the original input.
Construction of a f/hA mutant. T o generate the NIVh81 mutant, a 244 bp fragment (codons 512-592) was deleted from the flhA segment present on pNIV1907 and replaced by a cassette containing the aphA-3 gene which confers kanamycin resistance (MCnard et al., 1993) : the cassette was excised from pUC18K by SmaI digestion and introduced in the PuuII-filled Asp7181 sites present within flhA (Fig. 1) . This construct generated an early stop in flhA translation and allowed inframe translation of the remaining 3' end of the mutated gene, avoiding possible polar effects on expression of downstream cistrons. The mutated flhA with its flanking sequences, from a PvuII site external to flhA to Bsu361, was subsequently introduced in the suicide vector pKNGlOl yielding pNIV1937 (Fig. 1 ). E . coli SMlO(2pir') was used to replicate and mobilize pNIV1937. Mating with Y . enterocolitica KNG1024 was done overnight on plates at 32 "C and the yersinia clones with pNIV1937 integrated in their chromosome were selected on kanamycin and nalidixic acid. The second recombination event was selected for resistance to sucrose and sensitivity to streptomycin (Kaniga et al., 1991) . The disruption of flhA in NIVh8 1 was confirmed by sequencing pNIV1940 and pNIV1941, two plasmids displaying aphA-3 and its flanking sequences extracted from NIVh81 (see below).
Motility assay. We tested Y. enterocolitica strains for motility by spotting colonies onto Tryptic Soy swarm plates, containing 0.3 ' / O agar, supplemented with appropriate antibiotics. The plates were incubated for up to 24 h at 24 "C and the colonies were examined each day for zones of motility.
Electron microscopy (EM). The presence of flagella on Y . enterocolitica cells was investigated by EM. T o this end, bacteria from swarm plates were grown for 24 h at 24 "C without agitation in 10 ml LB broth supplemented with appropriate antibiotics. To observe their ability to swim before examination by EM, cells from swarm plates and LB cultures were observed with a dark-field light microscope (Macnab, 1976) . Five-hundred microliters of each culture was harvested, washed and resuspended in 100 pl 10 mM Tris, pH 7.5. Five microlitres of the cells were adsorbed for 2 min to 200 hex mesh copper grid with a carbon-coated support film. Samples were drained against filter paper and, after negative staining for 1 min with 1% (w/v) uranyl acetate, grids were examined with a JEOL 1200 Ex11 transmission microscope operating at 60 kV. (1985) "(A512-592), numbers in parentheses are the codons deleted from the flhA gene.
ligating either NsiI-or BglII-digested DNA fragments into PstI-or BamHI-linearized pUC18. Kanamycin-resistant clones, supposed to harbour the mutated flhA locus, were isolated from each DNA library. pNIV1940 from the NsiI shared DNA library and pNIV1941 from the BglII shared one were chosen for further sequencing (Fig. 1) .
Sequencing strategy. Nucleotide sequencing was performed by the dideoxy chain-termination method (Sanger et al., 1977) on denatured dsDNA using Sequenase (USB). Large DNA fragments were sequenced in both orientations according to a step-by-step procedure in which synthetic primers for forward sequencing were designed from previously released sequences.
The entire pNIV1907 and pNIV1909 inserts as well as the 5'
half insert of pNIV1940, upstream from the BamHI site, were sequenced. The BamHI site of pNIV1940 corresponded to the Sau3AI site of pNIV1907 at which ligation occurred, during the gene library construction (Fig. 1 ). Only the 3' end of the pNIV1941 insert was sequenced, revealing that the BglII site at one end of the cloned fragment belonged to the inv gene. This observation confirms that recombination occurred at the expected locus (see above). If necessary, this also would confirm that fthA linkage to inv was not a consequence of an accidental ligation of Sau3AI digests, but no Sau3AI sites occurred between flhA and inv preventing such artefact.
RNA extraction and Northern blot analysis. Total RNA was extracted from cells by hot phenol extraction as described by Lambert de Rouvroit et al. (1992) . Gels for Northern blot hybridization were 0-8 '/o agarose/5.5 O/O formaldehyde and were blotted onto Hybond-N membranes (Amersham). RNA was probed with four synthetic oligonucleotides complementary to the flhB, flhA, flhE and inv coding sequences. The sequences were TTTGGCGCAGCATTTGCTTATC, CGA-GCAGC and GCGCCGATATTAAGGGTATTG, respectively. Hybridizations were carried out at 37 "C, in 5 x SSC, 50 mM phosphate buffer (pH 7-8), 1 x Denhardt's solution and 0.5 YO SDS. Membranes were washed three times for 5 min in 2 x SSC, 0.5% SDS at room temperature.
Identification of the flhA gene product. Specific labelling of FlhA was achieved in E . coli by using the T7 expression system (Tabor & Richardson, 1985) . pBC18R (China et al., 1990 ) is a mobilizable derivative of pTZ18R (Pharmacia) containing the T7 RNA polymerase 410-promoter. The flhA gene was introduced in pBC18R as follows. The 1458 bp Asp718I-BsaAI fragment from pNIV1940, including the ribosome-binding site and the first 470 codons from flhA, together with the 860 bp BsaAI-ClaI fragment from pNIV1907 which contains the 3' end of the gene, were ligated in pBC18R linearized by Asp718I/AccI, yielding pNIV1943 ( Fig. 1 ). The protein of interest was labelled using E. coli L K l l l containing both pGP1-2 and either pBC18R or pNIV1943, as described previously (Allaoui et al., 1994) .
Mutant complementation. Complementation tests were achieved after the introduction of an intact copy of flhA in the Y . enterocolitica mutant. For this purpose, the complete flhA gene contained within the 2363 bp EcoRI protruding-Hind111 blunt-ended fragment from pNIV1943 was introduced in the EcoRI-ScaI sites of the low-copy-number plasmid pTMlOO (Michiels & Cornelis, 1991) and the resulting construction, pNIV1945 ( Fig. l) , was mobilized into the yersinia mutant. In
TACCGATGGCGAAGTTA,GTGCGACCGGTGATT-
A. F A U C O N N I E R a n d OTHERS pNIV194.5, fZhA expression occurs under the control of a pTMlOO promoter that normally triggers transcription of a chloramphenicol-resistance gene. that normally does not penetrate cultured cells, was isolated and named pID1902. EcoRV and PuuII fragments from pID1902 were subcloned in pUC19. Transformed bacteria presenting an invasive phenotype harboured either pNIV1907 which contained a 7.4kb EcoRV DNA fragment or pNIV1909 bearing a PvuII insert of 8.2 kb. The overlapping region of pNIV1907 and pNIV1909 inserts contained the inv gene (Fig. 1) . Downstream from inu, we identified the flgM operon, containing the flgM and flgN genes, as described by Kapatral et al. (1996) . Upstream from inu, we detected a 823 bp ORF, temporarily noted orf236. This ORF was similar to the sepA gene of EPEC which clusters with eaeA, a gene partially similar to inu (Jerse et al., 1990) , to inuA of S. typhimurium and m x i A of Shigella flexneri, both involved in host-cell invasion (Andrews & Maurelli, 1992; Galan et al., 1992) , and finally to the flagellar genes flhA from E. coli and S. typhimurium (Kim, 1989; Minamino et al., 1994) .
A mutant affected in off236 is fully invasive in vitro
T o assess the function of orf236, we engineered a nonpolar mutant by allelic exchange. In the resulting mutant, called NIVh81, orf236 was disrupted by the aphA-3 cassette which was inserted such that translation was not interrupted. Its putative involvement in invasinmediated entry was tested in an invasion assay. No significant difference was observed between the invasion levels of the mutant and that of the parental strain. In contrast, an inu mutant was respectively 350-and 700-fold less invasive than the wild-type strain KNG1024 and NIVh81 (Table 2 ). The invasion assays were performed with pYV-variants for two reasons ; first, we wanted to exclude a putative complementation of the mutation by lcrD, a pYV homologue to orf236, and secondly, because pYV-encoded proteins, expressed under invasion assay conditions, are deleterious to the cultivated cell monolayers (Portnoy et al., 1981) .
The NlVh8l mutant is non-motile and nonflagellated
When the NIVh8l mutant was spotted onto a semisolid medium, it produced small, compact colonies (Fig. 2b) , indicating that it was non-motile, in contrast to the spreading colonies formed by the parent y . enterocofitica strain, KNG1024 (Fig. 2a) .
Y . enterocofitica KNG1024 and the NIVh8l mutant were grown at 24 "C and examined by EM. No flagella could be seen in NIVh81 (Fig. 3d, e ) , while the wild-type strain appeared peritrichously flagellated (Fig. 3a-c) .
Cloning of the missing part of 0rf236 and sequence analysis
The homology of orf236 with the genes encoding LcrD/FlbF protein family is interrupted at a Satr3AI recognition site at the 5' end, suggesting that the cloned sequence was incomplete. T h e putatively missing part of (Kim, 1989; Minamino et al., 1994) and other known FlhB homologues (Table 3) . While similarities were detected all along the amino acid sequences of these proteins, conservation of putative cytoplasmic domains was much more apparent, as already reported (Allaoui et al., 1994) . orf3 was homologous to the flhE genes of E . coli and S. typhimurium (Kim, 1989; Minamino et al., 1994) . It encoded a putative 140 amino acid polypeptide (14 878 Da) which was 37 '/o identical to FlhE from these bacteria.
Transcriptional organization of orfl, off236 and orf3
orfl, orf236 and orf3 appeared to belong to a single operon, similar in organization to the fZhB operon of S. typhimurium which contains the flhB, flhA and flhE genes (Macnab, 1992) . Indeed, the first ATG codon of orf236 (position 1662 in the deposited sequence) overlapped the TGA stop codon of orfl; likewise the stop codon of orf236 overlapped the start codon of orf3 (position 3740). No typical promoter sequences preceded the ribosome-binding sites of orf236 and orf3. However, the sequence GCCGATGG (positions 353-360), lying 154 bp upstream from the putative GTG initiation codon of orfi, closely matched the consensus sequence GCCGATAA of flagellar class 2 promoters in E. coli (Bartlett et al., 1988) .
Northern blot analysis confirmed such organization. A single transcript was revealed by probes that specifically hybridized to orfl, orf236 or orf3. On the other hand, the inu gene message banded at a different size (Fig. 4a ).
These data indicated that the three ORFs located upstream from inu are transcribed as a single transcriptional unit which is different from that of the inu gene.
The inv locus is surrounded by flagellar genes
The high level of identity of o r f l , orf236 and orf3 with known flagellar genes, their organization into an operon, the presence of an expected alternative transcription control signal as well as the phenotype of the NIVh8l mutant indicated that these ORFs correspond to flagellar genes. We propose to name them according to the nomenclature used for S. typhimurium and E. coli equivalent genes (Iino et al., 1988) . orfl, orf236 and orf3 will therefore be referred to as flhB, flhA and flhE.
The inv gene was preceded by an unusually extensive A + T-rich region from the stop codon of flhE to the inv initiation codon. In this 514 bp segment, the A + T content reached 68 mol% while the Yersinia mean A + T content is 54 mol% (Marmur & Doty, 1962) .
A + T contents of 65 mol YO or higher are characteristic of non-coding sequence in the related species E. coli and S. typhimurium (Haughn et al., 1986) . Accordingly, open reading frames in both orientations were very short, mostly less than 150 bp. Moreover, the algorithm TESTCODE (Fickett, 1982) predicted non-coding regions to a 95% level of confidence for all the intervening sequence, whereas surrounding flagellar and inv genes scored more than 90% in coding probability.
Sequences downstream from inv were also analysed, showing the fZgM operon consisting of the flgM and flgN genes. These genes encode respectively the anti-a28 factor and a product required for filament assembly (Kapatral et al., 1996) .
The overall picture which emerged from the collected data was the singular localization of the inu gene within a cluster of flagellar operons (Fig. 5) .
flhBAE expression is not regulated by temperature
In Y . enterocolitica, the transcription of several flagellar genes is downregulated at 37 "C, reaching complete extinction within a few minutes (Kapatral & Minnich, 1995; Kapatral et al., 1996) . The effect of temperature on flhBAE transcription was assessed by Northern blot analysis. In contrast to other yersinia flagellar genes, the level of flhB message transcribed at 24 "C did not show any significant difference with that observed at 37 "C (Fig. 4b) .
Identification of the flhA gene product E. coli strain L K l l l carrying plasmid pNIV1943, which contained the whole flhA sequence, and a control strain with the pBC18R vector alone, were grown at 32 "C and then induced at 42 "C in the presence of [35S]methionine. Total proteins were resolved by SDS-PAGE and autoradiographed. As shown in Fig. 6 , a labelled protein corresponding to the product of flhA banded at the expected molecular mass, while no such signal was observed in the control lane.
NlVh8l mutant complementation
Complementation tests were achieved after introduction of an intact flhA copy in the Y . enterocolitica mutant. For this purpose, the complete flhA gene was introduced in the low-copy-number plasmid pTMlOO and the resulting construction, pNIV194.5 (Fig. 1) , was mobilized into the yersinia mutant. When NIVh81 (pNIV194.5) was spotted onto swarm plates, motility was restored (Fig. 2c) . In the same way, when observed by EM, NIVhSl (pNIV1945) presented flagella (Fig. 3f, g ). Nevertheless, in both cases, the complementation of the flhA mutation was only partial. On swarming plates, the complemented mutant appeared less motile than the wild-type while electron microscopic examination of the complemented mutant revealed bacteria with less and generally shorter flagella. We attributed such a distinct phenotype to the deregulated expression of flh A. Indeed, flagellar genes, including flhA, are tightly regulated. In contrast, flhA expression in pNIV194.5 occurs under the control of the pTMlOO promoter that normally triggers transcription of the chloramphenicol-resistance gene. Moreover, this plasmid exists in more than one copy per NIVh8l chromosome.
DISCUSSION
Out of the two initial working hypotheses, i.e. the presence of a pathogenicity island upstream from the inv locus or that of flagellar genes, the latter proved to be correct. Indeed, the full orf236, located upstream to inv, was found to share much more identity with flagellar genes from various bacteria than with virulence or cell invasion genes. This conclusion was confirmed by the observation that partial deletion of orf236 resulted in non-motile, non-flagellated bacteria, still capable of invading mammalian cells in vitro. Furthermore, orf236 clustered with two other ORFs, strikingly similar to flagellar genes from E. coli and S. typhimurium. Together, these data indicate that the three ORFs identified here correspond to the Y . enterocolitica flagellar genes flhA, B and E . Northern blot analysis showed that the Y . enterocolitica flhA, B and E genes are organized into an operon which was named flhB, according to the nomenclature established for S. typhimurium and E. coli. In addition to this operon, the Y . enterocolitica flgM and flgN were identified, mapping immediately downstream from inv, as described by Kapatral et al. (1996) .
The genetics of flagellar, motility and chemotaxis functions has been thoroughly studied in S. typhimurium. These functions turned out to be complex processes resulting from the highly regulated expression of more than 40 flagellar genes assembled in at least 1.5 operons, themselves organized in a regulon (Macnab, 1992) . These operons are divided into three main classes, 1, 2 and 3, with respect to their transcription hierarchy (Kutsukake et al., 1990) . At the top of the hierarchy, class 1 flhC and flhD genes are grouped in a single operon which is required for expression of class 2 operons. Class 2 includes genes which encode structural components of the basal body and the hook as well as the fliA gene (Macnab, 1992) . The fZiA gene product is the alternative a2* factor that directs the transcription of flagellin genes included in the third class of hierarchy along with genes for chemotaxis and flgM (Arnosti & Chamberlin, 1989) . flgM is a regulatory locus responsible for downregulating flagellin gene transcription when one or more class 2 gene products are missing or defective (Gillen & Hughes, 1991) . It encodes an antisigma factor which binds FliA to prevent its association with RNA polymerase core enzyme (Ohnishi et al., 1992) . The presence of both fliA and flgM in the Y . enterocolitica chromosome (Iriarte et al., 1995 ; Kapatral et al., 1996) suggests that, in this species, the regulation of class 3 flagellar genes follows the Salmonella paradigm. The Salmonella model is probably also valid for Y . enterocolitica class 2 promoters, given the close match of the putative Y . enterocolitica fZhB promoter with the canonical S. typhimurium class 2 promoters. Nevertheless, unlike S. typhimurium, Y . enterocolitica is not motile at 37 "C. Kapatral et al. (1996) have suggested that this temperature-dependence of class 3 flagellin genes is due to the conditional expression of fliA itself. In S. typhimurium, fliA is a class 2 gene and accordingly, it appears preceded by the consensus class 2 promoter (Kutsukake et al., 1990) . However, no such sequence could be found upstream from the Y . enterocolitica fliA gene. The contrast between the temperature-insensitive flhB operon which owns a putative class 2 promoter and the thermoregulated fliA gene which lacks such a promoter, suggests that in Y . enterocolitica, fliA could be a non-class 2 gene. fliA could therefore appear as the knot of the thermoregulation intrigue.
Besides flagellar genes, sequence analysis revealed the presence of a probably non-coding sequence between the flhE and inv genes. This DNA stretch was longer than the 50-300 bp of non-coding sequence typically found between adjacent operons in bacterial genomes. Neither a repetitive extragenic palindromic (REP) sequence nor an intergenic repeat unit (IRU) could be detected in this intervening sequence, whereas a partial IRU is present upstream from the inv gene of Y . pseudotuberculosis (Sharples & Lloyd, 1990) . The term 'grey hole' was coined by Daniels et al. (1992) for similar DNA regions, devoid of any identifiable function. Grey holes neighbouring flagellar genes have been reported previously by Raha et al. (1993) , who uncovered such stretches inserted between flagellar regions IIIa and IIIb of E. coli and S. typhimurium, adjacent to the flagellar gene fZiE.
These data contribute to a better knowledge of the genetics of flagellum functions in the genus Yersinia. It appears that the nucleotide sequence, the organization and the overall regulation of flagellar genes in Y . enterocolitica are well-conserved as compared to the situation in E. coli and S. typhirnurium. Such a high level of similarity was expected in view of the close phylogenic and ecological relationships shared by these species. More surprising was the clustering of the flgM and the flhB operons. The former operon maps at 23 and 24 min in S. typhimurium and E. coli, respectively, while the fZhB operon maps around 40 min in S. typhimurium and 41-42 min in E. coli (Macnab, 1992) . In Y . enterocolitica, the fZhB operon belongs to the same cluster as the flgM operon, separated only by the inv gene. Neither the two ORFs occurring next to the f2gN gene in S. typhimurium Knapp et al., 1986; Low et al., 1984; Mekalanos, 1983; So et al., 1979 ; Waldor & Mekalanos, 1996) , it was tempting to suggest that inv could have undergone the same fate. inv homologous sequences were found in other bacterial genera, such as pathogenic strains of E. coli (Jerse et al., 1990 ; Yu & Kaper, 1992), S. typhimurium (unpublished observation) , Hafnia alvei (Frankel et al., 1994) and Citrobacter freundii (Schauer & Falkow, 1993) , but also in a laboratory strain of E. coli (unpublished observation) . In the latter case, the inv-like ORF is flanked by the insertion sequence IS3a (Umeda, 1993). Nevertheless, the presumed import of the inv gene and its insertion between flagellar operons was difficult to argue for. N o flanking repeat or transposon-, phageor plasmid-like elements could be found in the inv flanking sequences. The codon usage of inv was roughly equivalent to that of the surrounding flagellar genes.
Moreover, the G + C content of inv (45.9 mol YO) was identical to the mean G + C content of yersinia (46 mol%) (Marmur & Doty, 1962) . Therefore, instead of being acquired by virulent Y . enterocolitica and Y . pseudotuberculosis strains, the invasin-encoding genes appeared as genuine yersinia sequences, lost or inactivated in non-enteropathogenic species of the genus. Accordingly, it should be emphasized that Y . pestis possesses an inv gene but the absence of invasive phenotype associated with this species can be explained by the inactivating insertion of an IS200-like element in the inv sequence (Simonet et al., 1996) . Characterization of the C-terminal domains of intimin-like proteins of enteropathogenic and enterohemorrhagic Escherichia 12, 387-395. 
